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ABSTRACT
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Date: June 1, 1963
5. Contract Number: DA-49~193-MD-2348
6. Supported by: U. S, Arny ﬁedicul Reseaxch and

Development Command, Department of the
Army, Weshington 25, D, C.

This xeport covexs several axcas of investigation in mechanical trauma,
These are

1. Thy effoct of ovexabtive traups unon rancl function following minor abdominal
opexations. Renal plasma flow and flltration rate appeared to increase
slightly but significantly after lesser abdominal operations, Following laxge
abdominal operations these functions arc significantly depressed, Thoracic
operations even of greac magnitude do not depress wenal funchion ;.esumiig
that shock has not intervened,

2. Renal tubu’ay nocrosis ard death in dous during hemorrhagic shock: Relation
to nathod of blood handlinu, Morbidity and mortality in dogs subjected to
hemorrhagic saock is diminished by the use of heparin and is also diminished
by the omission of all wetable surfaces from the exsanguination and re-
transfusion system.

3. Ouygen consumntion during shock in doms, Methods for measuring oxygen
consurption during shock are described and the usefulness of the measure-
mant ¢f this parcmever is indicated,

NOTE: Copies of this repvort are filed with the Ammed Services Technical
Information izency, Arxlinstoa Hall Station, Arlington i2, Virgiala, aud
ray be obtaincd from that ageacy by qualified investigators working
under governmins contrace,
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SECTION I

TilE EFFECT OF OFTRATIVE TRAUMA UPON RENAL FUNCIION

l During the 1940's the marked effect of hemorrhagic and traumatic shock
wgon the kidneys was amply demonstrated both expexrimantally and aiinically
in the classic studies of lausnn et al, Ph.1lips et al, and Bywaters. These
observations led investigators to question the effect operative trauma had
upon renal function as contrasted to the elfect of shock. Arial in 1950,
Uakil el al in 1951, and DeWardoner in 1953 and 1955 reported on the effact
i ¢l ancsthesia and operation on xenal function. All of these investigators
| a;,reed that anesthesia per se had a profound depressing effact on renal
bluod flov and on glomerular filcration rate; however, operation itself
scemed to add no further depression to these paramaters and following the end
l of operetion and anesthasia, renal function returned promptly to norinal
levels within ten to fifteen minutes, These studies included patients underx-
coing a wide range of procedures from hern:: rapair to subtotal gastrectomy.

! Tollowing the unanimous reports c¢f these investigators, little atteation
vas given in the following years to the questiocn of operative effects upon

: reral function. Cliaicians continued to rote, however, that an occasional

patilent following a ma jor operation without apparent complications (ro

wvidence of transfusion reaction, no evidence of prolonged shock at operation,

ard no evidence of pre~operative rxenal danage) developed acute renal failure

cout-operatively. This vas most conronly observed in patients followir

! recections of abdominal anaurysms. The predilection of the patlent with
abdominal ancurysm rescction to suffer renal failure was pointed out by Deolan

l et al, and by rYovers, Powers suggestad that this was a raflex phenomenon due
o the cross clawping of the 2o:ta and could be prevented by blocking the
azrves of the renal pcdicle. Gangon et al, Aukland, McGonigle et al, and Berxy

l 2t al have Leen unable to denonscrate this reflex in dogs or in humans.

Recently, Kragcland (1960) and Gullick and Raisz (1961) have reported

that therz is some depression of renal fuaction following major operaticns
t which i8 not attributable to the direcr effect of anesthesia. Krageland

found a 507% depression of the creatinine clearance in woze than half of the
patients he studied and Cullick and Raisz noted that the patients' ability to
r..ise urine oswmolarity was iapaired follo.'ng the operation in many instances.
This work has lad us vo further evaluat. the problem of post-operative cenal
function,
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Section T
o MATERIALS AND METHODS

PAN and Inulin clearances were determined the day before operation
and five hours after operation in a group of 43 patients, Patients 50 years
uf aze and older were sclected as being a group which would be most likaly
to show pogt-operativs renal change. Pre-operativs renal function vas normal
as determined by urinalysis, serum urea nitrogen, and clinicsl history. %Ihe
l tyres of operations studied were classed as large abdominal operstions,
incliding subtotal gastrectomy and hemicolactomy; moderats abdominal opera-
. tions, including exploratory laparotemy and biopsy, chdlecystectomy, vagotowmy
“ and pyloroplasty; thoracic oparations, including lobactomies and punsumonde~

R

tomies; and abdominai aneurysm resections,

i Lhe renal clearance tests were done according to the constant infusion
technlgue of Smith, Goldring and Chasis as modified by Shook. Infusicn of
{luids was ragulated with a tunnel clamp, All clearances wars studisd for
‘ a minimum of three periods. During pre-operative periods in which urine
) £low was high, period lengths of ten minutes wore somsatimes used, Post-
' oparatively all periods were at least f£ifteen minutes in length and sometimes
a half Lour. Bacause of the recurrent question as to the effect of csmotics
\ on renal £low, no osmotic diuratics wers usad to proucte renal flow afther
pre or posteoperatively. A multieyed straight catheter was used for bladder
drainage in male patients and a mushroom-tipied catheter was used for bladder
] drainage 1a fomale paticnts. Analytical mathods praviously described
weke used (Shock 1946).

i The pre-operativa renal function levels in these paticnts diminishad
3 . with age as noted by Davics aad Shock, and Lowenstein et al. The alope of
regression in ags in these 2 studles and tha present oue vers very closs,

RESULTS

\ Individual results in all patients together with their mean and standaxd
daviations are recorded in the firat table, Of the patients in the first

{ group undergoing minor intra-abdominal operations thers were 8 patients ranging a

X in age from 56 o 84. gGlomevelur filcration rate rose at 5 hours after

operation in every patient. Renal plasma flow also increased {n soms patients,

but this change was not as great or as consi. ent as the rise in glomerular

filtration rate. ‘The filtration fraction «lso increased in 6 of the 0 patients

ciielly due to the rise in the glomerular fiitration rate.

The 5 ratients undergoing opcrations on the chest ranged in age from
3 to 70. Waey wrequises in cvery iustance blood transfusions to maintain them
during operatior. Despite this the rosults in this group were not far different
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Section I

from those in the first group. Glomerular filtration rate xose somewhst and '
2 moderate increase in rvenal plasma flow was also seen although 4t was not
Zound in all pationts. Again filtration fraction was increased.

Those patilents undergeing extensive intra-abdominal operations showad a
definite and sigaificant f£all in both reual plasme flow and in glomarular
fiitration zate, Filtration rate foll somewhat less than rensl plasma flow
resulting again in increase in the filtration fraction.

Finally, in those patients operated on for abdominal aneuryims, both
renal plasma £low and glomerular f£iltration rate decreased aftexr observation
with 2 rise in the filtration fraction largely dus to a greater fall in plasus
flow than in glomerular filtration vate. These changes ware not markedly
different than those found in pationts undergoing other major intra-abdominal
operations. Statistical analysis of the data was done and indicatad the
levels of significance noted in Table 2.

DISCUSSION

These reaults indicata an incresase in glomarulay filtration rate and
renal plasma flow after lesser sbdominal operations. These chunges are
significant and have not »~un previously raported. Tha reason that these
changes were not praviously observad may be that many of the early workers
Zolloved their patients through speration with repesated clearance detsrmina-
tions and for an hour or two aftexr operation. Whan renal functions retura to
normal at a point ons or twe hours post-operativaly obssrvations of renal
functlons ware discontinsud., If functions had been studied over a longer period
the changes reported here would preasumably have been apparsnt. The cause for
thiz increase is not entirely cleaxr. Tha lncrease in glowmerular filtration
vaite may ba explained as a result of constriction of the efferent glomerular
vassela. The rise in renal plasms flow might be related to the transient
incraasd in cardiasc output which has been ruported to follow leas extensive
opaexations,

The patients who undexrwent thoracic operations showed no significant
differance £rom those patizets undergoing minor intra-abdominal procedures,
All of tlese patients raquired blood transfusions in the course of their
operations often amounting to as much 8s 2 or 3 units compared to the previous
group, none of whom had required blood transfusions, It appears that transe
fusions per se do not play a role i, renal fuactional changes after operation.
The observation that thoracic operations do not depress renal functional
changas in these older patlents is of spec al interest considering the observa-
tions of Ladd in survaying remal functional changes in Korean casualties. He
found that patiznts following chest wounds were mucu less likeiy to have remal
functional cepression and that post-apetvative rvenal failure wae much less
common in this group of patiants,
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Section I

Of the 15 patilents undergoing larger abdominal operations thers was a
significant depression post-opexatively in glomerulay filtration rate and
renal plasma flow., These findings suggest that the postoparative depression
in renal functions muy be affectad both by the site cad by the magnituds of the
oparation. Such factors as the disturbance of the uraters in the courss of
reflecting the peritonaum during colon resection and abdominai perinsal
resection and the pressure of packs on the kidney and ureters in the course
of both upper and lower abdominal operations may pley & role in this, Again
it 1s puzzling why post=operative depressions following thase larger opara~
ticns have not been noted. Review of most of the pravious studier suggest
howaver that not enough patients ware studied to divida the opsrations
according to site as well as to megnitude. Moreover, the ags groups studied
were not as homosgenous as in the current study.

Finally, in those patients undergoing aneurysm resection depression in
renal functlon also oacurred, llewover, the magnitude of these depressions
Wis no greater than that noted in other patients undergoing other larger
cbdominal oparations and the differenca betwean thess two groups is not
stevistically significant. Beall has reported that zenal functions in this
group of patiants ars depressed as lorg 2s 24 to 48 hours post-oparatively
vien the normal pre -operative regimen of water deprivation after midanight is
followed, Hus studies indicate that this drop in remal function may be
velated simply to dahydeation. In any casa, it would appear that cross
clunping of the aorta is not the dec.sive cause for this decreass in renal
function since similar depyessions ave noted following similar abdomiral
operations in which cross lapping of the sorta is not dons.

Dacreases in glomerular filtration rate and in renal plasa flow can
produce altavations in the scdium reabrurption in the xenal tubules, The:.love,
Lt oppears that post-operative changes in ranal function, at least {in the
first few hours after operation may account for soms of the changes noted {a
pogt-operative electrolyte excration.

Since ali of these studies here reportad were conducted in patients
50 yeaxs of age and over, conclusions must be confinsd to this age group., The
findings suggest that it would bu worthwhile to conduct similar studiss in
younger patisnts. Serial studies during the entive 24 or 48 hours poate
operative would be most useful,

SUMNARY

Studies of glomexular filtration rate, renal plasma flow, filtration fraee
tion in 29 patients aftar various typus of operctions indicate that the site of
operation and the magnitude of oparation aifeci these renal functions in patients
of this age group. Iesser abdonminal operations and chest operations arve
followed by 2 modest but significanc elevation of glomerular filtration rate and
plasma flew. Llarger abdominal operations ave associsted with a significsat drop
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Seetion I

in both renal plasma flow and glomexular filtration rate agaia with a rise in
£iltration fraction., 7The depression of renal function following abdominal
aaeuvysm resection docs not appear t. differ from that sesn in other abdominal
operatiors of similar magnituda

1




‘ SURFAGE
AR ARFA PRE-OP_ERATION POST~OFERATION
! Filcra- Filtra-
' Inulin PAX tivn Inulin PAH tion
;!3 Clearance  Clearance Fra¢= Clearance  Clearanca Frace
U ce/min/l.73 ce/min/l.73 tion ce/min/l.73 ce/minfle?3 tien
_Number Year _Sq.M, Sq.M, Sd.H, 2 Sq.M. 8q.M, 3
t
g i; MINOR_INTRA-AUDOMINAL OPERATYON
[ 55 1.50 116 485 23.9 129 606 21.2
to
i L% 17 8  1.60 72 306 23.5 104 268 3.1 S
P 3
P 68 1.68 96 378 25.4 124 367 33.5 E
| l' ‘
LTI 56 1.73 98 435 22,5 130 379 3%.3
i “ a3 72 1.73 9% 465 20,6 124 466 26.6
L1 o40 73 1.50 63 296 21.3 n 309 22.9
T
[ 43 80 1.55 45 150 23.3 65 188 30,64
P63 70 1.73 105 366 28,7 119 472 25.2
e
bl on 1.62 86.4 360.3 23.7 108.1 8.9 27,9
! “Std/Dc.v 0.10 23.93 109.5 2,53 24,87 13.2 6.36
. ;
| ' CHEST QPERATIO i
2 53 1.73 104 646 15.8 111 502 22.0 5
‘i 9 70 1,40 77 327 23.6 82 370 22.0
b, bs 1,30 133 626 21.0 149 548 27.3
( \1 " 56 1.90 121 648 18.6 190 154 25.2
N 62 1.73 78 401 19.4 49 466 1C.5
2 1
; M 1.61 102.6 496.8 19.7 116.2 521.4  2L.4
i Lsca/ev 0.49 25.16 151.9 2.56 . 55,30 142.3 6.33
Y ARDOMINAL ANEURYSMS
20 67 1.73 96 546 17.6 - 440 -
bo23 68 1.82 69 340 20.1 15 53 28,6
28 63 2,00 84 253 33.2 35 165 21.1
) 53 2.05 124 53 23.3 134 552 24,2
;‘ 1.55 89.5 £27.0 b 61.3 302.5  26.3
RPN 0,58 2.2 127.2 6,55 63.72 232.21 3.79
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Filtraw Filtzaw
) Inulin PALL tion Inulin PAR tion
l ‘ Clearance Clearance TRC™ Clearance Clearance Frage
! ce/min/1.73  cc/min/l.73 tion cc/min/l.73 cc/min/l.73 tiont
e Moo Rdli Sa.h. Sq.its, A Sa.M, 1N . 2
|} EXTNSIVE INTRA-ABDOMINAL OPERATIONS
[ 15 82 1,68 74 263 28.1 52 131 39.7
' &7 1.60 83 297 29.6 66 275 24.0
U.o 6 1.52 79 382 20.6 52 167 31.3
12 56 1,10 89 327 27,2 16 59 26,3
”‘3 51 1.73 141 788 17.8 159 13 22,0
[ 2 72 170 88 342 25.7 86 228 37,7
s 72 1,40 84 412 20,4 85 367 23.2
I Lo 68  1.73 94 517 18,4 9% 352 26,7
3 6 1.45 81 320 25.3 100 384 26,1
t 9 35 1.60 63 230 27.5 79 314 23.0
2 ¢4 1.48 114 663 16.9 19 293 21.0
s 79 w1 109 438 24.9 41 267 16.6
[] % 52 1.48 41 346 11.7 26 34 3.
31 W 1,73 86 451 19.0 61 363 16.8
[ i0 77 173 122 509 24,0 164 663 24,8
: 1
| he 1.58 85.2 419.6  22.4 77.34 326.7 25.4
j 0.18 24.8 170.5 5,09 41.84 149.3 7,86
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STATISTICAL ANMLYSIS

Lesses abdomiral operations compared with
ucher opereted groups

GFR REF
Lacaecic Oparation: 0.5 0.4
Lorgen Abdominal Op. <0,01 <0,01
Ancarysm Reseccions «<0.01 <0.01
Ancurysns compared with
Lorszar sbdoninal Op, 0.20 0.7

133

0.8

0.2
<0.01

0.4
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SECTION 1I

TIE PRODUCTION OF RENAL TUBULAR NECROSIS IN DOGS

BY MEMORRHAGIC SHOCY. AND TiE EFFECT OF Bidul HANDLING

Sonctime ago whlle enseged in some experiwents on hemorrhagic shock, we
noted that atter long perlods of moderate shock small infarcie-like lasioms ware
found in the renal tissue of dogs., The extent and numbar of thase lesions were
fouad to be related in some degree to the amount of heparin that the animals
weoe given in the course of the experiments. On ex2mining the litexature it
v.s Jound that these findings duplicated and confirmed the £indings of Hardaway
¢t ol vho had reported that the heparinized dog was mors resistant to hemnrrhaglc
slaouk than the nonheparinized animal and who had noted similar renal lesions as
vell ac luslons elscuhere in his animals following varying periods of shock,
During subsequent pavsonal communication with Johnson and Hardaway, Johnson
notad that che wmathod in which blood was handled seemed to affect the extant and
nuwbar of renal lesions found and that these lesions seamed to be ralated at
laast partly to the smount of wetable substances in the blood handling system
such as glaszs and steel three~way stopcocks. On tha basis of this observation
we emdarked on & project of evaluating the effect of both heparin and of non=
wetable systems on the response of hemorrhagic shock in dogs.

METHOD

A totel of 156 mongrel dogs were used. The dogs were restrained on an

~inal operating table. Under local aresthes.a a cutdown was made over ths
fuaoral artery and veln., The femoral artery was cannulated with a polyethylens
cannui:, When a wetable system was used this cannula 3 connected by way of
thz poivethylene tubing to a regulation hospizal thr  say stopcock and then by
way oo Larcher peastic tubing to a glass bottle. Ia v.. nonwetable aystem the
solyeghylene tubing was conaected directly to a plastic tubing leading to a
plastic blood transfusion bag. Blood was removed from the dogs by allowing them
to biced into the raceptacles at a given level so that they acted as "Lamson
bottles." 7The level of shock selected in all animals was moderate and @ mean
pressure of 90 mm. of mavrcury was meintained., Blood was returned to the
cnimals 2t the end of the shock pariod in the watable system by means of « glass
syringe actached to the three-vay stopvcock, .. the nonvetable system blood was
creburned to the aninzl by mezns of z pressure cuff avound the plastic blood
transfusion bag., A cutdown was also done on the contralateral groin and a
cachetar placed in the femoral artezy on this side. This catheter was used to
matsurd blood pressura in the animals by connecting it with a mercury manometer
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Section II

and it was also used for the collection of arterial blood samples. The animals
o2 ddvided dinto five experimuntal groups. In the first group (A) the animals
vete gilven a totai of a minimum of 100 mg. of heparin and were bled into &
werabl  system. Dogs in this gro p werc subjected to periods of 2, 4 and 6
hours of shock., In Group B tha same experimental setup was used except that
taz cmount of heparin given was rcduced 50 mg., Periods of shock evalusted were
2, 4, 3 and & hours., Animals in Group C used the same experimental satup as

an the previous two groups, but no huparin at all was usad, Blood in the
raservoir and in the tubing was kept liquid with the use of a standard ACD solu-
tica, ‘those dogs were subjceted to pariods of shock of 1 or 2 hours. Longer
peciods resulted in 100 per cent mortality and therefore attempts at evaluating
shock in animals of this group beyond the period of two hours were abandoned.
Do e in Geoup D were given no heparin and in addition & plastic nonwetzble
soservoir system was used in removing and replacing blood. Pariode of shock of
2, 3 and 4 hours wecre evaluated, Dogs in Group E were not subjected to shock,
Lt wera treated by removing 50 cc of blood in a glass syringe from one femoral
artory and simultaneously replacing it with 50 cc of blood from another dog in
th: contralateral femoral artery so that over the period of 2 hours of shock

2 good deal more blood was exposed to romwetable surfaces than in the previous
expaviments, but the dogs were never in shock over this period,

RESULTS

The results are indicated in the table. It is apparent that in those
aninmals treated with heparin and a wetable systea that the mortality rate was
rolatively low and that even after 6 hours of hemorrhagic shock only 2 of 9 of
these animals died. Reducing the amount of heparin by half, howaver, markedly
incr.ased the mortality rate of the animris and in animals exposed to & houie
of moderate shock che mortality rate was 47 per cent, Renal tissuecs taken from
those animals who survived 2 to 4 days following these experiments showed ronal
tubular necrosis in 8% per cent of those animals subjected to 6 hours of shock.
Croup C indicates the dramatic difference produced by removing all heparin from

the system when dogs were permitted to hemorrhage into and to receive blood back
from & wvetehle svuirem Afrav anly ana hong of cheek 20 ree cors of the Q050
Gled and 70 pexr cent of the survivors showed obvious renal lesions., After 2
hours of shock using this system, 5 of 6, or 83 per cent, of the animals expived
and in the one surviving animal massive tubular necrosis occurred. Group D on
the other hand shows the response which follows hemorrhaging an animal into a
totally wotable system, Here there were no deaths in any of the dogs after 2, 3
or 4 hours of shock, Examination of the renal tissues still showed occasional
small areas of venal necrosis. However, the ..mber of areas and the extent of
the lesions was much reduced and they wer ifound much more rarely than in the
dogs of Group C.

Finatly, expericants described in Group E were performed to determine what
2 effcet of blocd tandling 2lone was in these axperiments. None of these
anirals were in shock and none of thexs died, although one of the five animals
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did show a small area of xenal necrosis. This was quite tiny. Ths renal
tuualar lesions fournd in these experirunts wece scattered areas of cortical
ischemic ncexosis, in some instances involving almost the entire cortex.
Cewparing tuem with findings in humirs, they resembled mora closely the lasions
of reral cortical ncexosis xathe than the lesions described in post-traumatic
moral insufficiency. They also closely resembled the lesions found in dogs
trea.ed with epinephrine instilled into the renal artery such as repoxted by
Latcher et al, Other tissues wore also examined in these dogs and aress of .
schemlic necrosis were also found in the liver and in the small bowsl, The
hovst, lungs and Lrain were never found to be involved. The lesicas appeared

mest commonly in the kidneys, scsond most commoaly in the liver and wers found
least often in the sm2ll bowel.

CONCLUSIONS

Death and renal tubular ncerosis during experimental hemorrhagic shock in
doja us warkedly affecced by the use of hepavin, Heparin in large enough
o odnts will almoss abolish both moxtality and renal lesions during long perieds
o ruderate shoek, If no heparin ls used the mortality ir such experimants will
£ high after velatively short periods of shock if a wetable system is used.
I{ a nonwetalle system of handling blood i{s substituted, mortality is abolished
and alchough renal tubular lesions occasionally Jccur they are minor in compazison.
In prepaving standardized models of hemorrhagic shock in dogs strict attention
tust be paid to the type of anticoagulation used, the amount used, the presence
or absence of wetable materials in the tubing and reservoir systems and the
geatlengss with which the blood 18 handled.
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SECTION III

OXYGEN CONSUMPTION DURING SHOCK IN DOGS

In the final analysis shock in man and animal is the vesult of failure to
properly maintain metabolism at the level of the call, Many of the paramaters
which ave measured in order to massure shock ave at best indirect indications
ol this fuliuve. One ol Lhe woel direct paramesters which can ta measured is
the consumption of oxygen by the animal during the period of stress, Main-
tenance of adequate oxygen consumption indicates adequate delivery of oxygen
to cell and ucilization in the cell, A diminishing oxygen consumption
indicatas failura of dalivery of oxygen to the cellular units and/or failure
of these units to utilize oxygen. As shock deepans both factors ave probably
implicated, Guyton and Farish ir 1959 davised an oxygen consumption recordar
wictch thay have used successfully in measuring many of the variations in
nxygan consumption during the shock pariod., We fael that such an apparatus
has considerable reseazch and clinical applicatinn and thus have curreatly
daveloped & device for monotoring oxygen con-umpcion and ave applying it to a
number of research problems iu shock.

MATERTALS AND MNETHODS

A stendard splrometer was wodified by replacing the tubing with standard
«nestnesla gas tubing and couplings. The output end of the spiromster was
cornaected to tha intake part of a stundard Harvard variable rate and voluae
piston respirator. Gas from the cylinder of the respirator was fed into ths
wog's tracheo-bronchial tree by way of & cuffed tracheal tube and the retura
flow from the dog was fed back into the tank of the spiromster through anssthesia
tubing. By fixing the stroke rate and volume of the respirator at any level
obove the normal oxygen consumption of the experimental enimal and by filling
the tank of the splroweter with oxygen, the oxygen consumption of the animal
LULLY LE BOBVCU LG \.uuu.nuuuaq vvea umg, yb&&vﬂn Vb blue, adtelabivis ia
conswirption could bo noted wirch cach stroke of the respirometer sc that total
response delay of the system was based on the stcoke rate, A number of pre-
limirery exneriments have been performed using this device. During these
experiments and vencus and artarial oxygen in the experimental animals ware
m2asured at intervais with the use of a Wiison-Jay gas chromotography unit.
Knowing both venous and arterial oxygen levals plus total oxygen consumption
allowed cardisc output to be calculated or. the basis of the effect principle
as praviously noted by Guyton. Serum so’ium, potassium, €0y, chloride, pH and
osmolarity vere also measured seriodically in our animals,
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' [u In preliminary experimants oxysen consumption has been measured i{n 5
} uatreated control animals, in 7 animals foilowing splaensctomy, and in 12
auimals in varying stages of saock.

{ RESULIS

[, These preliminary findings indicate that the deseribed nachanism for

J 1.:a0uring oxygen consumption 18 relfable and xeproducible. The sinding of
votiuars thou shock diminishes onygen conswnption in ralation to the dejres of

'g blood ioss 18 coafirmed, It is noted that an oxygen debt 1s accumulatad

P during the poriod of shock and that the ability of the exparinantal animal to
vecover from shock appears roughly corrclated with his ability o restora his

S oxyzen debt following retransfusion.

DISCUESION

These inicial experiments have encouragad ug to feel thst this method is
o usuble ona for monetary shock and the methods of modification of shock in
the experimental animal and in other clirical circumstances. It is anticipated
that the effectivencss of vusopressors, vasocorstri~tors, anticoagulants and
. various degre.. of acidosis and alkylosis can be rwovre effectively explored with
' ‘ the use of this additional tool,
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